Objective Extended working lives due to an ageing population will necessitate the maintenance of work ability across the life course. This systematic review aimed to analyze whether workplace interventions positively impact work ability.
The ageing of the population will necessitate longer working lives for many workers. Official retirement ages are being raised in many industrialized countries as a strategy to encourage workers to delay their exit from paid employment (1) . Remaining employed requires workers to have the ability to meet the inherent requirements of their work, which can be challenging for those with injuries, chronic conditions, or normal ageing processes, particularly in jobs with physical demands (2, 3) . Good health and engagement with work (4, 5) are key aspects of maintaining employment; an increased focus on sustainable employability is required to assist workers to remain employed for longer (6) , consistent with the need for extended participation in the paid workforce.
Sustainable employment requires a good match between a person and their working environment. A person-environment (PE) fit model proposes that attitudes, behaviors and other individual-level outcomes result not only from the person or their environment but rather from the relationship and interactions between the two (7) (8) (9) . The concept of work ability, defined as the degree to which an employee is mentally and physically capable of performing their current role, and a balance between a person's resources (eg, health, competence, and attitudes) and work demands (environment and community, organization of the work) (10, 11) is of relevance in the conceptualization of PE fit. Sustainable employability requires maintenance and promotion of work ability across all ages to prevent decline and potential early departure from the workforce.
Work ability has been measured using different methods. A widely-used measure is the work ability index (WAI), which comprises a set of measures to determine a person's current work ability (10, 11) . The work ability concept and the WAI was developed in Finland in the 1980s and 90s with municipal employees in their midlife followed in a longitudinal study (10, 11) . Factors related to the management, ergonomics, and lifestyles explained both a decline and an improvement in work ability during ageing. In other studies, poor work ability has been associated with older age, obesity, high mental work demands, lack of autonomy, poor physical work environment, and high physical work load (12) . Individuals with poor work ability have an increased risk of early retirement (13) (14) (15) , long-term sickness absence and work disability (16) as well as decreased functional ability and higher mortality in old age (17) .
Workplace interventions to address issues of PE fit, which include work ability are complex and thus challenging to implement and appropriately measure the effectiveness of. According to macro-ergonomics theory, which focuses on the interactions between organizations and systems, work productivity is improved when individuals are well matched to the inherent requirements of their work, which results in better outcomes at an individual and organizational level (9) . This is consistent with the requirements for sustainable employment, which requires cognizance of the relevant individual and organizational determinants of work ability. Appropriately targeted interventions are required to ensure maintenance of work ability and prevention of decline and to take into account the complex multifactorial relationships between employees and the work environment. Whilst interventions to improve work ability have been undertaken in a range of populations, for example nurses, cleaners and construction workers (18) (19) (20) , a comprehensive understanding of whether these initiatives are most effective when targeted at individuals or the organizations in which they work is lacking (21) .
The purpose of this review was to assess systematically the available evidence on the effectiveness of work-based interventions on the work ability of employees. In addition, it aimed to examine whether effectiveness is different for individual-or organizational-focused interventions.
Methods

Search strategy
To identify relevant studies of workplace interventions to promote work ability, an electronic literature search of the following databases was undertaken: Medline, Psyc-INFO, CINAHL, and Embase. The search was limited to English language, between January 2000 -August 2016 to capture articles relating to the contemporary work environment. Bibliographies of included papers were searched, and a cited reference search was undertaken using Web of Science. A sample search strategy for Medline is provided in the online appendix, table S1 (www. sjweh.fi/show_abstract.php?abstract_id=3685).
Selection of studies
Inclusion criteria. Inclusion and exclusion criteria covered participants and the interventions. Only studies reporting on currently employed workers were included. In relation to the intervention, studies were included if they were connected to the workplace or a component of the intervention occurred at the workplace. Interventions could include modifications to: (i) the physical work environment, (ii) the work routine, (iii) work hours, and (iv) exercise or lifestyle change programs.
Comparators could include current practice or other interventions. Only randomized control trials (RCT) were included in the review to improve the quality of the studies reviewed. Three reviewers (SN, JO and NK) independently assessed studies for inclusion. Initial selection of studies was based on title and abstract. In cases of disagreement between reviewers, the fulltext of studies was accessed and consensus reached. The three reviewers assessed the fulltext of all studies selected for potential inclusion and, where consensus was not reached, a third or fourth reviewer were consulted to resolve any differences (KP/CHN).
Outcome measure
Work ability, using the WAI, was the outcome measurement used in this review (10, 11) . The complete WAI includes a range of questions relating to the physical and mental demands in relation to their work, diagnosed diseases, work limitations due to disease, sick leave, work ability prognosis and psychological resources. The WAI score range is 7-49 (10, 11) . Reliability and validity of the WAI have been previously reported (22, 23) . One single item in the WAI, the work ability score (WAS), was also used; participants are asked to compare their current work ability with their lifetime best and rate this from 0-10. Previous studies have reported the WAS to be a reasonable alternative to WAI (15) .
Data management
A customized form was used to extract data from the relevant studies. Study characteristics were extracted and summarized including: study design, country where intervention was implemented, participant details, type of intervention, and results.
Meta-analytic approach
A meta-analysis was conducted using Review Manager 5.3 developed by the Cochrane Community. The outcome variable, work ability, was measured and reported as a continuous variable in all included studies. However, only the studies reporting mean, standard deviation (SD) or standard error (SE) and sample size for both intervention and control group at the last round of follow-up, or the studies reporting the change in mean and SD values from baseline to follow-up, are included in meta-analysis. The pooled standard mean difference (intervention minus control) and their 95% confidence intervals (CI) is reported as an overall synthesized measure of effect size using random effect models. Random effect models are used because the data from a series of studies where the effect size is assumed to vary between studies (24) . Heterogeneity among studies was assessed by Chi 2 test indicating heterogeneity when P<0.05. Moreover, I 2 values are reported to describe the variability among studies (0-100%), where increasing values shows increasing heterogeneity. We first synthesized the effect size from all studies included in the meta-analysis, grouped by WAI and WAS. We also analyzed individualand multi-level-focused interventions, grouped by WAI and WAS, to determine the effect of the individual and multi-level-focused workplace interventions on work ability. Sensitivity analysis was undertaken among studies that used WAI as the outcome measure to calculate the pooled effect size among studies using multilevel interventions versus current practice, individual-focused interventions versus other interventions and individualfocused interventions versus current practice. The findings are presented as forest plots.
Assessment of risk of bias
Individual studies were assessed for risk of bias using a domain-based evaluation as recommended by the Cochrane Handbook (25) . Three reviewers (SN, JO, NK) independently assessed the studies, with any differences resolved by consensus. Six areas of bias were assessed: selection, performance, detection, attrition, reporting, and "other". Each area of bias included several assessment domains. Due to the nature of workplace interventions, which does not allow for blinding, the criteria related to blinding of participants and providers (domains within performance bias) was not assessed, consistent with approaches used by others (26) , leaving a total of ten domains. Each domain was assessed as high, low or unclear risk. The risk of bias associated with intention to treat analysis was assessed as high if >20% loss to follow-up occurred and with no intention to treat analysis (27) . In cases where information was not available or a trial protocol not published or registered, the corresponding risk of bias domain was assessed as unclear.
Grading the level of evidence
The quality of evidence for the work ability outcome was assessed using the Grading of Recommendations Assessment, Development & Evaluation (GRADE) tool described in the Cochrane Handbook (28, 29) . Evidence quality was assessed in relation to six criteria: study design, risk of bias or study limitations, consistency of results, directness, precision, and publication bias (30) . Two authors (JO and SN) undertook the GRADE process with consensus reached by discussion.
Using the GRADE system, the study design for each included study prescribes the starting level of evidence and, following further assessment, can be down-or upgraded. An overall level of evidence was evaluated for each outcome as follows: (i) high quality -further research is very unlikely to change our confidence in the estimate of effect or accuracy; (ii) moderate quality -further research is likely to have an important impact on our confidence in the estimate of effect or accuracy and may change the estimate; (iii) low quality -further research is very likely to have an important impact on our confidence in the estimate of effect or accuracy and is likely to change the estimate; (iv) very low quality -any estimate of effect or accuracy is very uncertain.
A statement of evidence quality (an impact statement) was then developed, which took into account the level of evidence and the likely impact on the particular outcome. Impact statements used in this review are based on standard qualitative statements developed by Glenton and colleagues (31) .
Results
Selection of studies
A total of 4737 references were retrieved following a search of electronic databases (Medline, PsycINFO, CINAHL, Embase). After removing 2517 duplicates, 2220 unique references remained. When assessed on title and abstract, 53 references were selected for potential inclusion (figure 1). A bibliographic search of included articles and a citation search via Web of Science identified four additional references.
Following fulltext examination of the 58 potential articles published between 2001 and 2016, 36 were excluded on the basis they were either not an RCT (17 articles) or WAI/WAS not used as an outcome measure (19 articles) .
Study characteristics
Of the 17 studies (22 articles), 10 compared interventions with current practice and 7 compared interventions with other interventions (table 1) . Using a macro ergonomics approach as outlined previously, interventions were categorized as either taking an individual, workplace, or multilevel (individual and workplace) focus. Individual-focused interventions (12 studies) included exercise programs and education of individuals on healthy behaviors or coping strategies; however, no changes to the workplace were made. Workplace interventions were targeted at making changes to the workplace such as working hours or schedules, the physical work environment or job design, reduction of workplace hazards (see supplementary table S2, www. sjweh.fi/show_abstract.php?abstract_id=3685). Of the studies, 5 were classified as multilevel and 0 were considered only workplace focused (table 1) .
Comparators to the intervention were classified as "current practice" or "other interventions". Current practice was defined as the situation when no other intervention was instigated by the researchers; ie, participants continued all other activities in which they were usually involved. Other interventions were those assessed by the research group as a comparator to the intervention being tested, such as education or ergonomic training. This might have been a less intense version of the intervention being studied.
Meta-analysis
A total of 13 studies (8 with WAI and 5 with WAS) were analyzed in the meta-analysis. The pooled estimates of the effect of intervention on work ability were calculated and presented in two groups according to the scale used to measure work ability (figure 2). A synthesis provided a positive effect of intervention (overall pooled mean difference 0.12, 95% CI 0.03-0.21) with no heterogeneity for the effect size (Chi 2 =11.28, P=0.51; I 2 =0%). The pooled standard mean difference between intervention and control for the group of 8 studies that used WAI was 0.11 (95% CI -0.02-0.24) with low heterogeneity (Chi 2 =9.36, P=0.23; I 2 =25%). The pooled effect size from 5 studies using the WAS was 0.17 (95% CI 0.01-0.33) with no significant heterogeneity problems identified (Chi 2 = 1.39, P=0.85; I 2 =0%). ). The pooled effect size from six studies using the WAI and three studies using WAS was positive but not statistically significant with no major heterogeneity problems identified. Figure 4 shows multi-level focused interventions. The overall pooled effect of such interventions (four studies in total) was positive but not statistically signifi- cant effect (overall pooled mean difference 0.15, 95% CI -0.04-0.33).
Sensitivity analysis of those studies examining individual-focused versus other interventions and individual-focused interventions versus current practice using WAI as an outcome are presented separately (see supplementary figures S1 and S2, www.sjweh.fi/show_ abstract.php?abstract_id=3685). Individual-focused interventions with WAI as an outcome (three studies in the meta-analysis), showed no statistically significant pooled effect (mean 0.25, 95% CI -0.09-0.59) and a substantial level of heterogeneity (Chi 2 =7.26, P=0.03; I 2 =72%). No statistically significant pooled mean effect of individual-focused interventions versus current practice (0.03, 95% CI -0.16-0.23) was found.
The pooled effect size of the studies that used multilevel interventions versus current practice with WAI as an outcome (two studies in the meta-analysis), found no statistically significant effect of the intervention (mean 0.06, 95% CI -0.20-0.31) with no heterogeneity (Chi 2 =0.52, P=0.47; I 2 =0%) among studies (supplementary figure S3 , www.sjweh.fi/show_abstract.php?abstract_id=3685).
Risk of bias analysis
Risk of bias assessments for all studies are presented in table 2. Risk of bias was assessed as low, high, or unclear for all study types. Table 3 provides detail on evidence quality as assessed by GRADE. Four "summary of findings" subtables were generated on the basis of the focus of the intervention (individual/multilevel focus) and comparison groups (current practice/other intervention). The table also provides the impact statement for the outcome, based on the evidence quality. The GRADE approach assesses the overall body of evidence rather than the individual study; differences may result between a single study and an outcome effect for groups of studies.
Grading the evidence and synthesis
Effect of individual-focused interventions on work ability compared to current practice
Six studies investigated the effect of individual-focused interventions compared to current practice. Current practice involved consultation with health physicians (32) , health checks (19) , and no changes to current practices (18, (33) (34) (35) .
Individual-focused interventions included health assessments and advice on behavior change (33, 34) ; three studies used exercise programs as the intervention (18, 19, 32) and one study involved training nurses in the use of selection, optimization and compensation to develop active coping skills (35) . Three studies used the full WAI as the outcome measure and three studies used the single-item WAS measure (table 1) .
The overall quality of the evidence was moderate. The principal reason for downgrading of the evidence was poor compliance in four of the six studies. Of these four studies, three involved exercise programs (18, 19, 32) and one involved lifestyle coaching (33) . None of the studies reported a significiant effect on work ability, either as WAS or WAI. 
Effect of individual-focused interventions on work ability compared to other interventions
Six studies represented by seven articles (table S2) compared individual-focused to other interventions. Interventions were either based on exercise (36) (37) (38) (39) (40) or lifestyle education of employees (41) .
Other interventions included a passive comparator such as information (36-38, 40, 41) and in one study training and education was provided as part of a hazard prevention system (39) . Five studies used the full WAI and one used the single-item WAS. Only one exercisebased intervention reported a significant positive impact on work ability (39) .
Overall evidence quality was moderate. Again, the principal reason for the downgrading of the evidence was low compliance in four of the six studies. Of the four studies with low compliance, three were exercisebased (36) (37) (38) and one was based on physical activity education (41) .
Effect of multilevel-focused workplace interventions on work ability compared to current practice
Four studies represented by seven articles compared multilevel focused interventions to current practice (20, (42) (43) (44) (45) (46) (47) . Interventions in the four studies were multifaceted and included several components: empowerment training, use of a tool to design rest breaks, an education booklet, supervisor training, and the implementation of a system to integrate health and work through the use of a continuous improvement process.
Work ability was measured using the full WAI in three studies (20, 42, 44) and the single-item WAS in one study (43) . Evidence quality was moderate, and downgrading was primarily due to low or uncertainty about compliance across all four studies reviewed (20, (42) (43) (44) .
Effect of multilevel-focused workplace interventions on work ability compared to other interventions
One study compared a multilevel-focused approach to other interventions (48) .
The intervention covered eight vocational sessions along with group rehabilitation. The other intervention 
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a Selective outcome reporting assessed as unclear if the protocol was not available (ISRCTN register checked and authors contacted if studies not registered). A possible limitation of this assessment -when assessing outcome reporting for studies with multiple articles in languages other than English, some articles may not have been detected in literature search (which was restricted to English) and therefore outcomes assessed as being not reported (resulting in overestimation of the risk). b Co-intervention defined as treatment/activity that would not normally be experienced in standard practice -if studies did not explicitly state co-interventions were avoided, an unclear rating was applied.
group received only the group rehabilitation. The WAI was used as the outcome measure. The intervention included identification of barriers impeding effective back pain management at work, a work-focused intervention tailored to the individuals, and commmunication with health care practitioners and employers. Evidence quality was very low for this outcome, due to the high risk of bias in the single study. No effect was reported in the study.
Discussion
This review systematically identified and appraised available evidence for interventions designed to improve employees' work ability. A macro-ergonomics framework was used to structure the analysis and explore the levels at which interventions should be targeted to maximize effectiveness. This approach was adopted to identify how to design the most effective interventions and to take into account recent suggestions that sustainable employment should consider a broad range of factors beyond that of the individual worker (6, 49) . From the qualitative analyses and meta analyses, we can conclude that only a moderate quality of evidence was found that interventions are effective in improving work ability. While a small positive effect was found for interventions improving work ability, this should be interpreted in the context of this level of evidence. The use of work ability as an outcome measure is an important consideration and the length of follow up periods in the studies may be of significance.
Work ability was originally developed as a screening tool to prevent work disability but further work has reported its use as an occupational measure and something that can be influenced through interventions (11, 12, 15) . However, the relatively short follow-up periods of some of the studies (range 10 weeks to 6 years) may be of significance here as there may be insufficient measurement time to realize a change in work ability score. Given the constructs in the measure, such as sick leave in the past 12 months, a minimum of 12 months is likely to be needed. The relevance of no effect though is worth considering as this may indicate a maintenance effect, which is prevention of further decline, although this is difficult to interpret from the data presented in the studies reviewed. Previous research has reported a decline in work ability with age especially in midlife (>50 years of age, 0.5-0.7 points/year) (11) . Individual-focused interventions largely targeted behavior change through education or physical activity and were not found to significantly impact work ability. Many of the studies in this grouping reported that compliance was an issue and this resulted in the downgrading of the quality of evidence. Multiple factors may account for the low compliance rate amongst participants. The adoption of individual-based exercise and education strategies are influenced by a range of factors including individual attitudes, work environment, and organizational climate (50) . These factors can create barriers to behavior change and, if not addressed, it is likely that compliance will be low (50) . Research in the effectiveness of public health campaigns reinforce the premise that individuals are more likely to change their behavior if there is a supportive environment and other strategies, eg, law enforcement in the case of alcohol impaired driving (51, 52) . Wakefield et al (53) reviewed numerous health-behavior-change campaigns and outlined factors that contributed to positive outcomes "…concurrent availability of required services and products, availability of community-based programmes, and policies that support behavior change" (p1261, 53). Those campaigns that lacked environmental supports, eg, those targeting physical activity (lack of walking paths) and nutrition (lack of access to fresh fruit and vegetables), were less likely to have a positive behavior change outcome. Unless there are workplace mechanisms to facilitate compliance, further studies that investigate the effectiveness of individual-focused interventions are likely to face similar problems.
Employees were encouraged to change their individual behavior (eg, through exercise programs), however the environmental, organizational and physical factors are likely to continue to impact work ability. The World Health Organization's concept of health promotion (subsequently adopted by the European Network for Workplace Health Promotion) (54) outlines the importance of addressing all factors when promoting a change in behavior. Therefore, as a primary mechanism to improve work ability, without other workplace changes to support individuals, the impact of these individual-focused interventions is likely to remain limited.
Multilevel interventions were fewer in number and also did not result in significant improvements to work ability. However, it is plausible that further development of multilevel interventions may result in findings different to those presented in the current study. Reconceptualization of interventions to include all aspects of job design and individuals' capacities is required to further investigate whether multilevel interventions positively impact work ability. This is consistent with the growing literature around sustainable employment, which proposes that worker capability requires consideration so that workers are able and enabled to achieve within the context of the organization (49, 54) .
Study strengths and limitations
Strengths of this review include a systematic search of the literature from January 2000 to March 2016. A rigorous systematic approach was used to examine study design, biases, outcome measures, methods of analysis and reporting. The homogeneity of a number of studies enabled a meta-analysis to be undertaken. However, limitations exist in taking this approach. Firstly, only RCT and studies published in English were included. As such, studies with alternative designs but useful findings or in other languages may have been excluded. While a RCT design is considered the gold standard for determining intervention effectiveness, and more highly regarded in systematic reviews than other designs, it is perhaps not the most appropriate design for occupational interventions and more debate is required in this area (55, 56) . Significant challenges face researchers in workplace settings with respect to engagement of employers and turnover of staff. Only published peer-reviewed studies were included in this review. To assess the risk of publication bias, all studies were compared to ascertain direction of results. Direction of results was mixed, many with no effect, suggesting a low risk of publication bias. This review utilized structural groupings of individual versus multilevel interventions, with further separation based on the comparison group (current practice or other intervention). Other constructions for the review are possible and although every attempt was made to group similar studies, the variation of interventions across the categories may influence the study findings, although the exclusion of some studies in the meta-analysis was undertaken to reduce this possibility (57) .
Concluding remarks
An ageing population will necessitate longer working lives and a stronger focus on sustainable employment. Sustainable employment requires good job design that takes into account the capacities of workers and the requirements of the work in order to achieve good PE fit; that is, a good balance between individual resources and work demands. Maintaining and promoting work ability is an important part of this relationship and workplace interventions are a useful consideration to support this. This review did not find high quality evidence to support the role of interventions, with either individual or multilevel focus, to improve work ability. Whilst a small positive effect was identified in meta-analysis, this requires further support through future high quality research using well-designed interventions that particularly focus on improving compliance. Maintenance of work ability, that is prevention of decline, is important and further research is required to identify what aspects of interventions are effective in achieving this goal. Further high-quality intervention research is required which systematically explores different aspects of organizations, and the impact on individuals and their work ability, with due consideration to the issue of compliance.
